Although it is well understood that genetic mutations, chromosomal abnormalities, and epigenetic miscues can cause congenital birth defects, many defects are still labeled idiopathic, meaning their origin is not yet understood. microRNAs are quickly entering the causal fray of developmental defects. miRNAs use a 7-8 base-pair seed sequence to target a corresponding sequence on one or multiple mRNAs resulting in rapid downregulation of translation. miRNAs can also control protein 'amounts' in cells. As a result if miRNAs are over or under expressed during development protein homeostasis can be compromised resulting in defects in the development of organ systems. Here, we show that during differentiation of embryonic stem cells, individual miRNAs that reside in the miRNA17 family (composed of 14 miRNAs) do not share the same function even though they have the same seed sequence. The advent of CRISPR/CAS9 technology has not only yielded a true observation of individual miRNA function, it has also reconnected advanced molecular biology approaches to classical cell biology approaches such as gene rescue. We show that miRNA106a and to a lesser extent miR17 and 93 target the cardiac suppressor gene Fog2, which specifically suppress Gata-4 and Coup-TF2. However, when each miRNA is knocked out, we find that their targeting efficacies for Fog2 differ resulting in varying degrees of cardiac differentiation.
Introduction
Organ systems in mammals develop from three germ layers (ectoderm, mesoderm, and endoderm), which are generated as a result of gastrulation soon after the embryo implants into the uterus. Decades of research on organ development have reveled numerous, complex layers of gene expression networks that regulate an abundance of cellular processes such as cell movement, cell-cell signaling, proliferation, and apoptosis (Frankenberg et al., 2016; Houston, 2017; Ivey and Srivastava, 2015; Munoz-Descalzo et al., 2015; Rossant and Tam, 2009) . Each of these processes work in concert to create the three dimensional structure and function of tissues and, ultimately, organs. However, in the mid to late 2000's, it became apparent that gene expression by itself could not explain how each organ system developed over time. Advances in understanding organ development occurred as the field of epigenetics revealed new and critical mechanisms controlling development. Epigenetics discoveries such as histone modifications and direct regulation of DNA through methylation of cytosine residues within CpG dinucleotides began to shed light on gene availability and transient gene expression during development (Chuang and Jones, 2007; Kaneda et al., 2004 ). Yet, epigenetics, still, did not serve to identify many other perplexing developmental observations such as rapid loss of protein expression, followed by its equally as rapid re-expression (Foshay and Gallicano, 2007, 2009; Ivey and Srivastava, 2015; Wang et al., 2012) . Another key piece to the developmental puzzle was revealed, however, when small ribonucleic acids known as microRNAs (miRNAs) were shown existed beyond C. elegans, where they were first discovered (Lee et al., 1993) . In fact, the discovery of miRNAs in vertebrate development has elucidated numerous previously unknown mechanisms for explaining organogenesis (Foshay and Gallicano, 2009; Ivey and Srivastava, 2015; Larabee et al., 2015; Ventura et al., 2008) .
Although miRNAs have been shown to heavily influence organ development (i.e., the heart, (Zhao et al., 2007) ), determining the extent of their influence with respect to normal and abnormal development has not been fully investigated. It is known that a single miRNA can have multiple targets; however, what regulates their affinity for one target over another is not well understood. We know that a seed sequence of 7-8 RNA bases is involved in targeting the miRNA/mRNA interaction; however, another fairly recently discovered factor of miRNAs/mRNA targeting in cell, tissue, and organ development and function appears to be dose-dependency (Foshay and Gallicano, 2009; Larabee et al., 2015; Wu et al., 2013; Zhao et al., 2007) . It is thought that at low concentrations, a miRNA may target one or a small cohort of specific mRNAs, Mechanisms of Development 150 (2018) 10-20 
